The profound effects of colchicine on mitosis have been known for many years. Two views have arisen concerning the mechanism of the apparent increase in dividing cells following the administration of this alkaloid. According to one view, colchicine stimulates cells to fall into mitosis, while the other explains the increase on a mere arrest of the cells in division. The former view has been championed by Dustin and his collaborators, while Ludford and later Brues and Bucher have supported the theory of arrest. The latter theory forms the basis of the "colchicine technic" used by many investigators in studying the growth of tissues under the influence of various agents.
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In an effort to bring evidence to bear on this problem, we have applied quantitative methods employing the tissue culture technic. In vitro, in contrast with the conditions obtaining in the body, the concentration of colchicine actually in contact with the cells is accurately known, at least at the beginning of the experiment. Furthermore, the method allows the observation of cells in toto, without sectioning, so that counts of chromosomes can be made. In our work the action of colchicine was also compared with that of other substances.
Methods and materials Tissues were grown in Carrel flasks employing a method designed for making observations of the expansion rate of the colonies in a simple and accurate manner. The Carrel flask permits a more accurate control of the concentration of all substances than do the various hanging-drop methods. The tissues studied included a theelin-induced mammary carcinoma of Strong A mice (Yale carcinoma No. 1) and heart tissue of new-born mice. Supporting medium. Washed plasma clot (chicken) served as the support-ing medium. A modification of the usual method was used to facilitate orientation of the colonies and to yield clots which would not readily come loose. These two properties were essential for accurate measurement of the explant. The method consisted of enclosing the explants between a basal layer of normal plasma and a superficial layer of diluted plasma. The basal layer was prepared on the day before explantation by introducing 0.5 cc. of normal rooster-plasma into the flask and coagulating it with 0.2 cc. of chickembryo extract (1 to 9 by volume of nine-day embryos). The medium was spread over the entire inner surface of the flask in order to reduce difficulties resulting from water of condensation. The flasks were left at room temperature for several hours and 1 cc. of Tyrode solution was spread over the clot. The flasks were stoppered and incubated overnight. The Tyrode solution was then removed and the explants, usually six in number, were placed in the desired positions. A layer of 0.5 cc. of rooster-plasma diluted 1 to 3 with Tyrode was now introduced and allowed to coagulate. It was not necessary to add more embryo extract for this coagulation. The coagulum with the contained explants was washed twice, each time with 1.0 cc. of Tyrode solution. After this washing, nutrient medium was added in a volume of 0.5 cc. Nutrient media. The nutrient medium consisted of rat serum obtained with precautions to prevent hemolysis and diluted 1 to 3 with Tyrode solution.
Normal Tyrode solution was made according to Gey and Gey. Patching. To prevent liquefaction of the clot by the Yale carcinoma No. 1, the cultures were patched after 24 hours of growth. This was done by adding 0.2 cc. of the diluted rooster-plasma after the removal of the nutrient medium. Coagulation occurred spontaneously and the cultures were then washed and fed as before. It was not necessary to patch the heart tissue.
Structure of experiment. After a preliminary period of growth of at least 36 hours the colonies were considered suitable for a determination of expansion rate. This is at a period when multiplication of the cells, rather than migration, is chiefly responsible for increase in the size of the colony. The flasks, each containing six explants, were divided into control and experimental groups, usually of 25 colonies. done by means of a mechanical stage fitted with a flask-holder that makes it possible to rotate the flask about a vertical axis. By numbering the colonies in rotation from the neck of the flask it was easy to identify them at the second measurement. The source of illumination did not injure the colonies by its thermal effect. The areas of the images of the colonies drawn on paper were measured by means of a planimeter. The area of the colony at the beginning of the experimental interval (A) was subtracted from the area at the end (B). The difference (B-A) was divided by B. This gave the increment in area of the colony during this period per unit of area at the end of the interval. For convenience the value was multiplied by 100,000. To obtain the expansion rate, this value was divided by the number of hours in the interval. The means of these values for the control and experimental groups were computed, together with their standard deviations. The probability of the significance of the difference of the means was examined by the use of Fisher's "t" factor.8
At the end of the experiment the supernatant was withdrawn and the entire plasma clot, with its embedded colonies, was fixed in 10 per cent formalin in normal saline. The fixed colonies were mounted on slides and stained with Harris' hematoxylin diluted 1: 30 with distilled water.
The procedures described in the preceding paragraphs may be summarized in the following schema. Fig. 2 .) At the end of two hours, all of the mitoses showed these changes and no typical anaphases or telo-phases were seen. There was now a large increase in the proportion of cells in mitosis, which became maximal at nine hours. This is one of the most striking effects of colchicine. The clumping of chromosomes into compact groups was observed soon after dispersion (Figs. 10 and 1). As early as nine hours after the introduction of colchicine, many of the cells were seen to contain numerous small nuclei ("micronuclei" of Brues), probably derived from the swelling of the clumped masses of chromatin, but many of the cells had undergone necrosis with extrusion of pyknotic nuclear debris. In figure 11 is illustrated a cell with dumping of chromosomes adjacent to one showing micronuclei, which are demonstrated also in figure 12. Concentrations as low as 1: 128 million produced similar changes, but only after a longer interval of time, e.g., 16 hours. With minimal doses, the cytological changes resembled the initial changes produced by stronger doses,-central, radial clumping.
In the case of the normal cells from the heart of the new-born mouse, the changes produced by the colchicine were similar with regard to morphology, concentration, and sequence. With certain doses acting over certain intervals, e.g., 1: 16 million from 16 to 29 hours, all of the morphological changes may be seen in the same preparation. Dispersion is illustrated in figures 13, 14, and 15, clumping in figures 16 and 17, and micronuclei in figures 18 and 19.
When the individual chromosomes were counted in the normal cells, their numbers in many instances were found to be increased much above the diploid, a change produced perhaps by dispersion of the halves of the longitudinally split chromosomes which form during the prophase or early metaphase (Fig. 15, (Fig. 23) .
I. Viability Despite prolonged action of colchicine and of ethylcarbylamine upon the mammary carcinoma, which produced profound nuclear changes, the cells were demonstrated to be still viable by implantation of cultures into mice and by subculturing in vitro. In the case of colchicine, a colony exposed for 9>2 hours to a concentration of 1: 16 million grew when inoculated into the subcutaneous tissues of an A-strain mouse, and ultimately killed the animal. Subculturing of colonies resulted in irregular growth of granular cells from mother cultures exposed for 9X2 hours to concentrations up to 1: 128 million. When colchicine in higher dilutions had acted upon the mother cultures, the derivative cells grew excellently, with no notable changes. Similarly, ethylcarbylamine acting for 30X2 hours in a concentration of 1: 6,250, which produced striking alterations in morphology, did not kill the cultures, as was demonstrated both by subculture and by inoculation of a mouse.
III. Expansion rate of Yale carcinoma No. 1 Concentrations of colchicine greater than 1: 64 million produced a marked reduction in the expansion rate of the colonies (Table 1) . The greater the concentration of the drug, the greater the inhibitory effect. The mitoses, as described above, were atypical at any concentration where inhibition of growth was observed. Their numbers appeared greatly in excess of those in the controls. At higher dilutions, e.g., about 1: 256 million, colchicine ceased to have an inhibitory action and, indeed, in some instances, the expansion rate of the colonies was slightly but not significantly higher than that of the controls. In experiment 171, at a concentration of 1:128 million, the expansion rate of the colonies seemed to be augmented. No mitotic abnormalities were observed in the experimental group. Many attempts were made to repeat this observation ( The growth of the cultures was inhibited by all concentrations of ethylcarbylamine greater than 1: 25,000. An example is presented in the graph.
The number of mitoses in the colchicined colonies was determined and correlated with the expansion rate of the colonies in an effort to determine whether colchicine stimulates or inhibits karyokinesis. IV In each case the "mitotic difference" is found to have a positive value. Furthermore, the lower the concentration of colchicine the less the mitotic difference. This suggests that colchicine in the concentrations studied has an actual inhibiting effect upon mitosis as well as a possible arresting effect. These effects are not absolute, since the colonies actually increase in area during the period of observation.
Sources of error.
The assumptions are made that the cells in both the control and experimental groups are of the same size and that cells in mitosis 46 are equal in size to the resting cells. Since most cells are in the resting phase, and since actual observation reveals no notable discrepancy in size, the error from the latter source is slight.
It may be argued that part of the expansion of the colony may result from migration of cells. This, however, is much less likely in the case of a colony of carcinoma cells where a membranule is formed than in the stellate colonies of fibroblasts or sarcoma where actual outwandering may be observed. Evidence for the relative importance of mitotic activity as the cause of expansion of the colony during the period of observation is afforded also by the fact that in any particular experiment the "mitotic difference" as above defined, becomes less the lower the concentration of colchicine ( Table 2 , Experiment 168) and the closer the colonies approach each other in area at the end of the interval of measurement (compare Bc and Be in each group).
It may be concluded that at the concentrations studied colchicine does not stimulate cells to enter mitosis despite the apparent accumulation of mitoses in the treated colonies. In fact, it is highly probable that it inhibits the initiation of mitosis and also arrests mitoses once in progress.
Discussion
Every observer has been struck by the apparent increase in dividing cells in both normal and neoplastic tissues following treatment with colchicine and many have assumed that the drug stimulates cells to fall into division. But mitoses may seem to accumulate if the duration of the dividing phase is prolonged and the growth of the tissue actually slowed. The "rate of mitosis" cannot therefore be determined by inspection of a single preparation with its control. It is necessary to know not only the number of mitoses that have taken place within a given tissue but also how many have gone to completion in comparison with a control during the period of action of the drug. The present work, based on this principle, leads to the conclusion that the action of colchicine is one of inhibition and arrest of the mitotic process, rather than of stimulation. The argument that cells in tissue culture are multiplying at a maximum rate and, therefore, cannot be stimulated further, is not valid under the conditions of the present experiment, since addition of chick-embryo extract to the medium resulted in an increase in the expansion rate of the colonies. 47 Ludford early considered the process one of arrest rather than of stimulation, since the number of mitoses seemed to be proportional to the rapidity of growth of the many tissues that he studied. Quantitative evidence of arrest in regenerating rat liver was furnished by Brues. In Bucher's work, published since the completion of the present experiments, the rate and duration of mitoses in tissue cultures of rabbit fibroblasts was studied by means of motion pictures. At a concentration of 1: 30 million, fewer cells were found to enter mitosis per unit of time in the treated cultures and the duration of the mitoses was prolonged. These effects were stronger with colchicine in a concentration of 1: 20 million.
In the work of Lits and of Paff, who support the theory of stimulation, no quantitative comparison of the total number of newly formed cells in the control and treated cultures is reported. The latter found that in certain cross-sections of chick embryos to which colchicine had been applied the number of resting as well as of dividing cells was increased, but many of these embryos were abnormal in structure, and the total size of the parts in question was not compared with that of untreated embryos.
Summary
Colchicine reduced the expansion rate of colonies of a mousebreast carcinoma in vitro in concentrations as low as 1: 64 million. Considering this fact, the rate of mitosis was found to be reduced, but the mitoses accumulated. The mechanism of this arrest is not fully understood.
Under the influence of colchicine in cells derived from the heart of the new-born mouse, chromosomes longitudinally split during the prophase or metaphase may be dispersed throughout the cytoplasm. Then a nucleus or group of small nuclei may be reconstituted without division of the cytoplasm. This results in cells whose chromosome number exceeds the diploid. The properties of these cells in animals require further study.
Despite profound nuclear changes, the carcinoma cells may remain alive, as demonstrated by successful reimplantation into animals and transplantation to fresh media.
The effect upon mitosis of ethylcarbylamine, a substance known to inhibit the Pasteur phenomenon, is similar to that of colchicine, but occurs over a narrower and higher range of concentrations. 
